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A Computer Graphics Package

ABSTRACT

1. A general purpose graphics package is described. The package is an updated
version of a graphics library first developed in 196; on an ICL-1900 series
computer (described in AUWE Acc 35647) and in use continuously since that time
with various modifications and informal documentation improvements. It is
currently implemented on a DEC-MicroVAX computer and various hardware devices
including the HP series of plotters (using HPGL), Regis devices (VT125, VT340),
DEC Workstation, LN03 laser printer, and certain Ramtek, Sigma and Tektronix
devices. _

2. Although commercial graphics packages are available this one is simple to
understand and use, and together with its familiarity to existing users
continues to provide useful graphics support.

3. Examples are given in order to clarify usage of the software and lists of
subroutines are also provided.



1 BACKGROUND

1.1 Recent advances in computer technology and software have dramatically
changed the computing scene. Before WIMPs computers were used mainly by skilled
operators or in rather dedicated applications. Not so long ago suitable
software for a particular application was unlikely to be available and computer
applications relied on special purpose software being developed.

1.2 In scientific research printed output soon acquired a low reputation.
Computci 7olutions to complex problems frequently produced vast quantities of
printed numbers and data was transcribed to graphical form by hand. The graph
package described here was first developed in about 1969 (ref: AUWE Acc 35647)
for use with a Computer Instrumentation Ltd incremental plotter. Under computer
control this machine could do nothing more than move the pen one increment in
one of eight directions or raise or lower the pen. Because it was such a basic
machine, software was developed so that scientific applications could produce
good quality graphics. Features included font designs with rounded characters
(unlike the poor quality angular characters which were available), text scaling
and rotation, curve fitting to allow cusps to be drawn automatically, and indeed
most of the basic features currently available. The package has served the
needs of scientific graph plotting for many years and is still in use, including
descendant versions adapted by various users at ARE.

1.3 Computer graphics has become a very important and sophisticated subject but
has many different applications, including computer art and simulation. Even
scientific applications may involve complicated graphics which are not suitable
for general purpose use. Sophisticated graph packages are now commercially
available and have the advantage of providing a commercially maiatained
standard, such as GKS. However, this package continues to be attractive because
it is simple to use, it is familiar and can be easily modified or extended to
cater for different applications or new hardware.

1.4 This report marks a new generation of the software for compatibility with
the window environment of a VAX Workstation. Some changes have been
incorporated but these have minor implications for existing programs and mainly
deal with the Workstation aspects and additional routines.

2 INTRODUCTION

2.1 -In scientific research graphical output from computer programs is essential
and can be easily obtained using the subroutines described. This graphics
package provides comprehensive facilities for two and three dimensional work and
is largely device independent. The subroutines can be considered in three
groups as follows:

- -)i The main routines which actually create a picture'
-(b .,The supporting routines which modify the actual behaviour of the main

routines;
(e4 Device dependent routines which are not normally used directly by the

application but are available if required;.
(d) Special routines which are not intended for general use

2.2 For simplicity, parameter lists have been kept to a minimum, and
consequently the action of the main drawing subroutines depends on 'hidden'
parameter values. These hidden parameters are given default values, but may be
adjusted by means of the supporting subroutines. For example the subroutine
PLOT TEXT('text',N) plots text using the default character size, but this may be
changed by the supporting subroutine CHARSIZE(Width,Height).
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3 COORDINATE SYSTEMS

3.1 Assume a world cartesian coordinate system (X,Y) is defined on some
imaginary drawing surface such as an A4 sheet of paper with its origin at the
lower left hand corner and the X-axis horizontal. The units of both X and Y are
mm. A local cartesian coordinate system (U,V) may be defined with its origin at
X=Xshift, Y-Yshift (see ORIGIN) and scaled such that one unit of U is Xscale
mm., and similarly for Y (see SCALE). Thus:

X = U*Xscale+Xshift mm.
Y = V*Yscale+Yshift mm.

3.2 Initially these two systems (world and local) are identical and mapped to
the actual display device assuming the drawing surface is A4 landscape in size
and orientation. With an HP7750 plotter for example the mapping is to true
scale, but on a VT340 some additional scaling is necessary in order to represent
the A4 size on the screen. For simple applications it is useful to imagine the
graphical output is to be produced on an A4 sheet of paper in landscape or
portrait orientation. However, the routine PLOT WINDOW enables the world
coordinate system to be modified and PLOT VIEW modifies how the world
coordinates are mapped to the physical display- device, thus enabling large
graphics surfaces to be created. Workstation graphics may create up to 4
virtual displays with 4 windows in each. Although mapping a graph to a display
device is defined in terms of a window to a virtual display and a viewport on
the device, the full windows environment is not supported on some devices.

3.3 Valid physical graphics devices are recognised by the following mnemonics:

GF A pseudo device which saves a file copy of the graphics output.
RG A Ramtek series 9000
VG A VT340 (or VT125 with some restrictions)
WG A Workstation with UIS support
HP A Hewlett Packard plotter recognising HPGL

Any hardware combinations can specified by means of these mnemonics and
additionally the mnemonic TT can be used to represent either VG or WG determined
by the login device. By default the software automatically selects the
appropriate display device you are logged in to (if it is recognised as a valid
graphics device) and a hard copy file is produced (See PLOT INIT). A keyboard
and cursor is associated with the first interactive device selected.

3.4 Special facilities exist for 3D plotting and are described in greater

detail later.

4 DEFAULT CONDITIONS

4.1 Initialisation (see PLOTINIT) resets certain parameters to default values
as follows:

ORIGIN 0. 0.
SCALE 1. 1.
CHAR SIZE 2.4 3.0
CHAR ANGLE 0.0
CHAR SLOPE 0.0
LINE TYPE 0 0.0
SELECT PEN 1
MOVE 0. 0.

Various other parameters are reset by device specific initialisation routines
(see DEVICE SPECIFIC SUBROUTINES).
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5 SUBROUTINE DESCRIPTIONS

5.1 Since the various graphics devices have different capabilities, it is not
always possible to ensure that general purpose routines behave identically on
the different devices. In particular, character drawing will be subject to
resolution differences. Consequently, it may be necessary to make some
compromise over the style of graph for a given device. Alternatively different
devices may be turned off and on to allow different text styles to be used.
However, the following general purpose routines provide a high level of device
independence, where the parameter type specifications are INTEGER*4 (if starting
with the letters I,J,K,L,M,N) or REAL*4 or as specified in the description:

A4_BOX(I)
Draw corner marks to define an A4 box. If I>=O the long side is
horizontal, if I<0 the long side is vertical.

AXIS LIN(XO,YO,Xl,Yl,SD,D,P)
Draw a linear type axis from (XO,YO to (XI,Yl), with distance D between
tick marks which are of height P(mm.). The starting position through the
sequence is given by SD expressed as a fraction of D.

AXISLOG(XO,YO,X1,Y1,SD,D,P)
Draw a log type axis from (XO,YO) to (Xl,Yl), with distance D between
cycles using tick marks which are of height P(mm.). The starting position
through the sequence is given by SD expressed as a fraction of D.

CHARABS(CZ'J,CSH)
Reposition at the character coordinates CSW*Character width, CSH*Character
height, relative to the current origin.

CHAR ANGLE(PHI)
Define the direction in which characters are plotted where the angle PHI is
in degrees relative to the x-axis and positive anticlockwise. (Default:
0.).

CHAR POSN(CSW,CSH)
See CHARABS

CHARREL(CSW,CSH)
Reposition at the character coordinates CSW*Character width, CSH*Character
height, relative to the current pen position.

CHARSIZE(Width,Height)
Define character size (mm.). (Default: 2.4,3.0).

CHAR SLOPE(PHI)
Causes characters to be slanted at an angle PHI degrees relative to the
vertical, with positive to the right. (Default: 0.0).

CURSOR(U,V,Ichar)
Move the cursor under operator control until terminated by a keyboard
character or mouse button. The cursor coordinates are returned in U,V and
the terminating character or button number in Ichar.

CURVE(F,U Min,U Max,Tol)
Draw a smooth curve of the function F between UMmn and UMax. Tol defines
the smoothness (segment length in mm.).

DRAW(U,V)
Reposition at coordinates (U,V) with pen down (see plot). Default
coordinates are in mm.
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FILLPOLY(Xa,Ya,Na,Xb,Yb,Nb)
Using the currently selected colour, fill the area between the two polygons
defined by the Na points in arrays Xa,Ya and the Nb points in the arrays
Xb,Yb, with polygon a circumscribing polygon b.

FIT(U,V,N,M,S1,S2)
Fit a smooth curve to the N points given in arrays U,V. If:

(a) M=O the slopes are not defined at the end points, and will be
computed

(b) 1 the initial slope is defined in Si
(c) 2 the final slope is defined in 52
(d) 3 both slopes are defined in S1 and S2.

If (U(N),V(N))=(U(1),V(1)) a closed curve is drawn.

GREY(U,V,W)
Draw to coordinates U,V using intensity or colour W.

GREYSCALE(W low,W high)
Set lower and upper bounds of intensity levels for I.

GREYSET
Initialise grey levels.

GRIDLAT LONG(XO,YO,Xl,Yl,UO,VO,U,Vl,IC)
Draw a latitude v longitude grid where (XO,YO) (Xl,Yl) are the world
coordinates of the lower left and upper right corners of the grid
respectively (mm.) and (UO,VO) (Ul,Vl) define limits in local coordinates
(degrees). If:

(a) IC<O only the scale and origin are computed.
(b) =0 as above, but the axes are also drawn
(c) >0 as above with the axes numbered.

GRID LIN LIN(XO,YO,XI,Yl,UO,VO,Ul,Vl,IC)
Draw a linear v linear grid where (XO,YO) (Xl,Y1) define the limits in mm.,
(UO,VO) (Ul,Vl) define the limits in local units and IC is used as in
GRIDLATLONG.

GRIDLIN LOG(XO,YO,Xl,Yl,UO,VO,Ul,Vl,IC)
Draw a log v linear grid where (XO,YO) (Xl,Yl) define the limits in mm.,
(UO,VO) (U1,VI) define the limits in local units and IC is used as in
GRIDLINLIN

GRIDLOG LIN(XO,YO,X1,Yl,U0,VO,Ul,V,IC)
Draw a linear v log grid where (XO,YO) (Xl,Yl) define the limits in mm.,
(UO,VO) (Ul,Vl) define limits in local units and IC is used as in
GRIDLINLIN

GRID LOG LOG(XO,YO,Xl,YI,UO,VO,Ul,Vl,IC)
-Draw a log v log grid where (XO,YO) (Xl,Yl) define the limits in mm.,
(UO,VO) (Ul,VI) define limits in local units and IC is used as in
GRIDLINLIN

LINETYPE(I,P)
Define line type I and sequence length P in mm. (Default: 0,0.).

MOVE(U,V)
Reposition at coordinates (U,V) with pen up (see PLOTABS).
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ORIGIN(X Shift,Y Shift)
Redefine the local coordinate origin. (Default: 0.,0.).

PENDOWN
Select pen down.

PENUP
Select pen up.

PLOT 3D(X,Y,Z,IC)
Plots X,Y,Z in three dimensional coordinates, as if viewed from an azimuth
relative to the X-axis and an elevation from the X-Y plane, where IC is
used as follows:

(a) IC=O Initialise using azimuth angle -30.0 and elevation 45.0
(b) =1 X,Y are the azimuth and elevation in degrees
(c) =2 X,Y,Z are translation factors
(d) =3 X,Y,Z are scale factors
(e) =4 Move to X,Y,Z
Mf =5 Draw to X,Y,Z without hidden line
(g) =6 Draw to X,Y,Z with hidden line
(h) =7 Similar to 6 ut does not draw (find envelope)
(i) =8 Reset envelope

PLOT_3D SURFACE XY(X,Y,Z,N,M)
Draw the surface defined by X,Y,Z(X,Y) where:

X =X(i) (i=1,2 .. .M)
Y = Y(j) (j=1,2... N)
Z = Z(i,j)

Before using this routine a 3D coordinate system must be initialised by use
of the routine PLOT_3D.

PLOTABS(X,Y,IC)
Reposition at world coordinates (X,Y) expressed in mm., 'here IC is used as
follows:

(a) IC<O Use pen up
(b) =0 No change in pen condition
(c) >0 Use pen down

PLOTCHARl(M,N)
Plot the character number N, using the soft character set number M.

PLOTCHAR_-2(NDAT)
Plot the character which is defiT)ed by data in the INTEER*4 array NDAT.
(See source code).

PLOTCHARsymbol
Plot the character defined by symbol as follows:

(a) A square-root sign when symbol=SOROOT
(b) A Greek upper case charcter when symbol=name U and name is one of

ALPHA, BETA, GAMMA, DELTA, EPSILON, ZETA, ETA, THETA, IOTA, KAPPA,
LAMBDA, MU, NU, XI, ORICON, PI, RHO, SIGMA, TAU, UPSILON, PHI, XI,
PSI, OMEGA

(c) A Greek lower case character when symbol=nameL and name is as
before

6



These symbols have been provided in this form for convenience since they
commonly occur in notation.

PLOTCONTOUR(ZO,Z,M,N,IC,SO)
Plot the contours of Z(X,Y)=ZO where:

X=i
Y=j
Z=Z(i,j)

for 1=1.. .M, j=l... N. Special effect are obtained by setting:

IC=l00*K+L

where integer L (<100) is the pen number to be used for annotation, and if
L is zero no annotation is produced. The integer K defines whether
interpolated ptints on the grid (i,j) are joined by straight lines (K=0) or
joined by a smooth curve according (K non-zero). If selected annotation is
placed to begin at a distance SO along the contour from its start.

PLOTDEVICE (Text)
ParameTer Text is of type CHARACTER*(*) and is used to give instructions in
the form keyword=value[,...] where [,... means additional expressions may
be given. The form of each expression is as follows:

Keyword Value
DEVICE dd Where dd is a valid device name in use
STATUS ON Enable device output

OFF Disable device output
ID-VD n Select a virtual display n (1 to 4)
ID-WD n Select a window display n (1 to 4)
TITLE "title" The window title

If no device is specified then further action applies to all selected
devices. An ID-VD number must refer to a virtual display previously
created by PLOT INIT. An ID-WD number may refer tj an existing window, in
which case it is selected, or to a new window, in which case PLOT WINDOW
must be used to create the required window (possible preceded by
PLOT VIEW). If no virtual display or window is specified then further
action applies to the currently active window (see Examples). An empty
character string (Text=' ') causes all selected devices o switch status.

PLOTDEVICE
Equivalent to PLOTDEVICE_(' '), switch status of currently selected
devices.

PLOTERASE_(XO,YO,Xl,Yl)
Erase the rectangle defined by the lower left corner at XO,YO and the upper
right corner at Xl,Yl.

PLOTERASE
Erase the complete display or vlewport

PLOTFIN (Text)
Parameter Text is of type CHARACTER*(*) and is used to give instructions in
the form keyword=value[,...] where [,... means additional expiessions may
be given. The form of each expression is as fullows:

Keyword Value
DEVICE dd Where dd is a valid device name in use
STATUS DELETE Delete the file copy
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If no device is specified then further action applies to all selected
devices. Normally the file copy is saved and other devices are deleted,
but the file copy may also be deleted by specifying STATUS-DELETE.

PLOTFIN
Equivalent to PLOTFIN_(' '), save the file copy (if selected) and delete
other devices.

PLOT INIT (Text)
Parameter Text is of type CHARACTER*(*) and is used to give instructions in
the form keyword=value[,... where [,...] means additional expressions may
be given. The form of each expression is as follows:

Keyword Value
DEVICE dd Where dd is a valid device name to be used,

namely GF, VG, WG, RG, HP, or TT
WINDOW FULL Select and map to the full screen size in mm.

A4-H Select and map to A4 landscape
A4-V Select and map to A4 portrait
NONE No window created

ID-VD n Create virtual display number n (n=1,2,3,4)
TITLE "text" The window title

Any hardware combinations can specified by repeating the DEVICE=dd
expression. The mnemonic TT can be used to represent either VG or WG
determined by the login device. If no device is specified then
'DEVICE=TT,DEVICE=GF' is assumed. Use of TT allows an interactive device
to be selected without GF. If no window is specified a new window is
created and mapped to A4-H. The window option NONE is used to over-ride
the default window creation. In this case no window is created at this
stage (see PLOT WINDOW). An empty character string (Text=' ') is
equivalent to 'WINDOW=A4-H'. Initialise the hardware and software as
follows:

(a) Set coordinate scale factors (Xscale,Yscale)=(l,l)
(b) Set coordinate origin (Xshift,Yshift)=(O,O)
(c) Set character size (Xchsiz,Ychsiz)=(2.4,3.O)
(d) Set character direction (PHI) =(O.)
(e) Set character slope (PHI) =(O.)

PLOTINIT
Equivalent to PLOT_INIT_(' ')

PLOTLIMITS(Umin,Vmin,Umax,Vmax)
Define plotting limits in current plotter units, where Umin,Vmin defines
the lower left corner of a rectangle and Umax,Vmax the upper right corner.

PLOTMARK(I)
Plot an identification marker at the current position, where I determines
the marker shape, in the range 1 to 9. The size of the marker is
determined by the current horizontal character size or as specified by
PLOTMARKSIZE(Size).

PLOT MARK SIZE(Size)
Determines the size in mm of marker produced by PLOTMARK. Size=O. resets
to the current horizontal character size.

PLOT MODE(I)
Define the writing mode as follows:

(a) 10 Replace writing

8



(b) 1 Overlay writing
(c) 2 Complement writing
(d) 3 Erase writing
(e) 4 Negative writing off
(f) 5 Negative writing on

PLOTNUM(Val,N,M)
Plot Val (NB Val is real) as a character string, using the hard character
set, with N figures before the decimal point and M after. If M=O an
integer format is used. Positive numbers are preceded by a space, and
negative numbers by a - sign.

PLOT NUM SOFT(Val,N,M)
PloT Val as a character string, using the soft character set (see
PLOTNUM).

PLOT REL(X,Y,IC)
Reposition at relative coordinates (X,Y) expressed in mm. See PLOTABS

PLOTTEXT(Text,N)
Plot the N characters in Text, using the hard character set. Special
effects can be obtained as follows, where n is an integer value:

(a) "nS" Causes n spaces to be output (the quotes are part of the
syntax)

(b) "nC" Causes n newlines, relative to the start point
(c) "P" Causes the character " to be plotted.

After completion the pen remains at the end of the current line.

PLOT-TEXT SOFT(Text,N)
Plot the N characters in Text, using the soft character set. Special
effects can be obtained as follows, where n is an integer value:

(a) "nS" Causes n spaces to be output (the quotes are part of the
syntax)

(b) "nC" Causes n newlines, relative to the start point
(c) "nB" Causes characters to be selected from set n
(d) "P" Causes the character " to be plotted.

After completion the pen remains at the end of the current line.

PLOTVIEW(Xmin,Ymin,Xmax,Ymax)
Define or modify a viewport for the current window using Xmin,Ymin as the
lower left corner of a rectangle and Xmax,Ymax as the upper right.

PLOTWINDOW(Xmin,Ymin,Xmax,Ymax)
Create or modify a window to the current virtual display using Xmin,Ymin as
the lower left corner of a rectangle and Xmax,Ymax as the upper right.
(See PLOT DEVICE).

READ KB(Buffer,N1,N2)
Read data from the currently selected keyboard into the CHARACTER string
Butfer, where Ni is the maximum number of characters to be read (unless
input is terminated by <CR>, and N2 is the actual byte count on completion.

READ KB NOECHO(Buffer,N,N2)
Similar to READ KB but without echo.

READ KB CHECK(N)
Check the keyboard input buffer and set N equal to the number of characters
contained in it.

9



SCALE(X Scale,Y Scale)
Reaefine the coordinate scale factors. (Default: l.,I.).

SCFAC LIN(HO,H1,SD,D)
Calculates suitable scale factors for axis drawing, where HO,Hl are the
given values of the start and finish points and D is the calculated tick
length interval and SD the position of the first tick position (as a
fraction of D). D and SD are chosen to have 'nice' values.

SCFAC LOG(HO,H1,SD,D)
Calculates suitable factors for log-axis drawing, where D is the cycle
interval and SD the start point.

SELECT PEN(I)
Select pen number I. (Default: 1).

SELECT PEN COLOUR(Ipen,Red,Green,Blue)
Define the shade/colour of pen number Ipen as specified by the Red, Green,
Blue values (each in the range 0. to 1.) with special effects as follows:

Ipen Red Green Blue
0 0. 0. 0. Reset all pens to a standard sequence
<0 r g b Set all pens to shades of the colour

specified
> r b Set pen Ipen to the colour specified

6 METHOD OF USE

6.1 The FORTRAN examples provided demonstrate the use of many of the routines
described. Each program, for example EXAMPLE_1, should be compiled:

FOR Example 1

linked with the shareable library (named GRAPH here):

LINK Example 1,GRAPH/LIBR

and run:

RUN Example-1

Example 1 uses automatic device selection and therefore a file copy is produced
with tie file name PLOT.PLT. In addition a display copy is produced if the
program is run from a suitable interactive device. The file copy may be
displayed on a suitable interactive device by use of the command DISP, or
plotted Ly the command PLUT. Occasionally it is also necessary to link with
other libraries (such as MATHS). Several examples are listed in Annex A.

10



Annex A. Examples

A.l The following examples are included in order to demonstrate the use of
various routines. Calculations associated with developing graphics images are
not proposed as realistic or optimum, but provide a simple image which may be
displayed or plotted using the routines described.
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3-JUL-89 13:25 EXAMPLE-l.roR- Page 1-01

PROGRAM EXAMPLE 1

C Description:
C Graphics exampleishowing how to draw a simple graph. The default

intialiaon s used to automatically define An 44 drawingCsurface napped to the device in landscape orientation.

C Author:
C C Richardson, ARE (Portland)

C History:

C Issue 1.0 4 November 1963

EXTERNAL FlF2 Ipunctions to plot

C Main Entry Point:

100 FORMAT()

CALL PLOTINITiltiis plte
CALL CHARSIZE(l.5.2.0) Seletlz charater sz

CALL CHARSLOPE(20.) 
144tcaatrsx

CALL GRID LIN LIH(60. ,40. .260. .140. ,0.,-l. ,360. ,l. .1)

CALL OVZ(OO.) Draw grid

CALL DOVE(30.,.) 1Draw a line at Y-.

CALL CURVE(Fl,0.,360.,l.) IDraw sin(x)
CALL SELECT_PEN(2) Slc e
CALL LINE_TYPE(2,l0.0) ISelect pante lietp

CALL CURVE(P2,0.,360.,l.) [I*raw cothr in tp

CALL SELECTPENq(l) I~raw c pen

CALL CHARSIIE(l.8,2.4) (1C 
e

CALL PLOTABS(160. .40. ,-l) osto frXlae
CALL CHAR POSN(0.,-2.) 

Psto o ae

CALL PLOT TEXT('x (Degrees)' .11) IX axia label
CALL PLOTABS(60. .90. ,-l) psto frylae
CALL CHAR POSNq(-4.,0.) PitnfoYlae

CALL CHARANGLE(90.)
CALL PLOT TEXT('Sin(x) '8 Tai ae
CALL SELECT PEH(2)

CALL PLOTTEXT('Cos(X)',6)
CALCHAR ANGLE (0.)

CALL SELECT PEN) 

CALL PLOT KWZQ1. ,lvo._ -I1POSition for title
CALCHARANGLE(-90.)

CALL PLOT TEXT('Fig 1.1,7)
CALL PLOT TEXT)' A Graphics Example,,19(

CALPLOT-TEXT)' Showing Sin(s) And Cos(x)'.26)
ACCEPT 100,H
CALL PLOT PIN lEnd of plotting
STOP 'Finished'
END

FUNCTION FI(X)
Fl-SIN(X/57.29578) IFl is amn(s)
RETURN
END

FUNCTION P2(x)
F2-COSIX/57.29578) IF2 is cos(S)
RETURN
END

12
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3-JUL-89 13:26 EXAMPLE-2.PoR Page 1-01

PROGRAM EXAMPLE -2

C Description:
C An example, showing a function which contains a cusp plotted by
C the routine CURVE and mapped to the device in portrait
C orientation.

C Author:
C C Richardson, ARE (Portland)

C History:
C Issue 1.0 4 November 1983

EXTERNAL Fn l~unction to plot

C Main Entry Point:

100 FORMAT(A)

UO'-l10.
U1.10.
V0.-0.1
Vl-.1
CALL PLOT iNrT ('WINDOW-A4-V') llnitialise plotter
CALL CHARSISE(l.5,2.0) tSelect character size
CALL CHARSLOPE(20.)
CALL GRIDLIRLIN(40. .50. ,140. .170. ,UO,VOUl,Vl,l)

fDraw grid
CALL CURVE(Fn,U0.Ul,l.j tDraw ain(x)
CALL CHARSIZE l.8,2.4)
CALL MOVEU(UO+Vl)/2. ,VOI tPosition for x label
CALL CHAR_POSN(0.,-2.)
CALL PLOTTEXT('x',l) IX axis label
CALL MOVE(UO,(VO+V1)/2.) tPosition for Y label
CALL CHAR_PORNI-4.,0.)
CALL PLOTTEXT('y',l) 1Y axis label
CALL PLOT_&8S(20. .20. ,-l) fPosition for title
CALL PLOTTEXT('Fig 2.1,7) 1Plot title
CALL PLOT -TEXT(, A Graphics Example' .191
CALL PLOTTEXT(' Showing e',10)
CALL CHARPOSN(0. ,0.25)
CALL CHARSIZE(l.S,2.0)
CALL PLOTTEXT(1-IxI',4)
ACCEPT 100,N
CALL PLOT FIN fEnd of plotting
STOP 'FinTshedl
END

FUNCTION FnIX)
Fn-oxp(-ABS(X)) tIn is exp(-x-x)
RE TURN
END

14
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31-JUL-89 15:33 FILL-POLY-TEST.FOR Page 1-01

PROGRAM FILL POLYTEST

C Description:
C An example to draw closed polygons which are shaded with a given
C colour. The letters E and P are drawn, where the first requires
C a single polygon to be specified and the second requires two.
C PLOTINIT specifies the portrait format A4-V.
C Author:
C C Richardson, ARE (Portland)

C History:

C Issue 1.0 6 November 1986

C Local Variables:

REAL X(60),Y(60), ICoordinates for letter P
o Xl(13)/ lCoordinates for letter E
* 0., 0.,15.,15., 5.. 5.,15.,15., 5., 5.,l5.,15.,0./,

* Yil(13)/
* 0.,.25.,.25.,.20.,.20.,.15.,.15.,.10.,.10., 5., 5., 0.,0.

C Main Entry Point:

100 FORMAT(A)

X(l)0. [Define the outer polygon
Y(I-0. I for letter P
X(2)-0.
Y(2)-25.
DO n-0,24

Tel.5*n

X(n+3)e7.5+7.5-SIND(T)
Y(n+3)-l7.5+7.5*COSD(T)

ENDDO
X(28)-5.
Y(28)-10.
X129)5S.
Y(29)-o.
X(30 )5. [Define the inner polygon
Y(30)-20. I for letter P
DO n-0,24

T-T.5-n

X(n+31)=7.5+2.5-SIND(T)
Y(n+31) 17.5+2.5*COSD(T)

ENDDO
X(56)-5.
Y(56)-15.

CALL PLOT INIT ('WINDOW-A4-V') 1Initialise with portrait format
CALL CHAR-SIZETi.5,2.0)
CALL CHAR SLOPE(20.)
CALL SCALE(3.,3.) (Enlarge the letters E, P

CALL ORIGIN(50.,50.) IPosition of letter E
CALL SELECT PEN14) tDraw letter E shaded
CALL FILL POLY(Xl,Tl,13,0.,0.,0) I with colour 4
CALL SELECT PEN(2) (Draw the outline using
CALL MOVE(XY(l),YI(l)) I colour 2
DO n-2,13

CALL DRAW(XI(n),Yl(n))
ENDD)

CALL ORIGIN(100.,50.) tPosition of letter P
CALL SELECT PEN(4) IDrew letter P shaded
CALL FILL POLY(X(1),y(l),29,X(30),Y(30),27) ! with colour 4
CALL SELECT PEN(2) (Draw the outline using
CALL MOVE(XTl),Y(1)) I colour 2
DO n-2,29
CALL DRAW(X(n),Y(n)

ENDDO
CALL DRAW(X(l),Y(l))
CALL SELECT PEN(3) [Draw the inner outline using
CALL mOVE(xT30),Y(30)) I colour 3
DO n-11,56
CALL DRAW(X(n),Y(n)

ENDDO
CALL DRAW(X(30CT($0)(

CALL ORIGIN(0.,0.) tReset scale and origin
CALL SCALE(1.,1.(
CALL SELECT PEN(l) lSelect pen 1

16



31-3Ux.-a9 15 :3 3 FILL-POLY-TEST.FOR Page 1-02

CALL MOVE(20.,20.) IPlot a title
CALL PLOTTEXT('Fiq 3.1,*7)
CALL PLOT_TEXT(' EXample Of Drawing A Filled Polygon,,)

ACCEPT 100,n
CALL PLOTFIN
END

17



Fig 3. Example Of Drawing A FIlled Polygon



31-JUL-89 15:56 PLOT-VAF-TEST.FOR Page 1-01

PROGRAM PLOTVAFTEST

C Description:
C Example using variable area fill.

C Author:
C C Richardson, ARE (Portland)

C History:
C Issue 1.0 6 November 1986

C Local Variables:

REAL XX(201),YY(201) lSiaulated data

COMMON TI,T2,T3,S,A,B,C,D

C Main Entry Point:

100 FORMAT(A)

N-201 lNumber of points
S-.05 !Scale factor
A-l00. IDate generation parameters
B=20.
C-5.
D02.

CALL PLOT INIT Initialis, and draw a
CALL CHAR-SLOPE(20.) I rectangular grid
CALL CHARSIZE(l.5,2.0)
CALL GRID LIN LIN 50.,50.,250.,186.,0.,0..200.,17.,1 )
CALL MOVETIo0,o0.) lAnnotate x axis
CALL CHARPOSN(-5.5,-2.)
CALL PLOT TEXT('Time (msoc)',ll)
CALL mOVETO.,8.5) lAnnotate y axis
CALL CHAR POSN(-5.,0.)
CALL CHAR ANGLE(90.)
CALL CHARPOSN(-8.5,0.)
CALL PLOTTEXT('Hydrophone number',17)
CALL CHAR ANGLE(0.)
CALL SCALE(1.,1.) IPlot a title
CALL ORIGIN(0.,0.)
CALL "OVE(20.,20.)
CALL PLOT TEXT('Fig 4.1,7)
CALL PLOTTEXT(' Example Using Variable Area Fill',)

DO Il,N lCalculate x values
XX(S)-I+49.

ENDDO

DO Z-1,16 tDraw trace for 16 hydrophones
Tl.20.+5.*I [Calculate times for 3 events
T2-50.+7.51 I chosen to represent some
T3-80.+10.1I I experimental feature
Y-8.*I+50.
DO IX-l,N ICalculate trace for this

X.IX I hydrophone
YY(IX)-F)X)+Y

ENDDO
CALL PLOT VAF(XX,YY,N,Y+l.) lDrew trace with filled peaks

ENDDO

ACCEPT 100,1
CALL PLOT FIW
END

19



31-JUL-899 15:55 
PLOTVFES OPae-0

FUNCTION r(X) 
-VFTTFO

COMMON Ti .T2,T3,SA,B.C.D

XX-X-TI
IF (ABSIXX) .LT. 0-000001) THEN
yA

ELSEA

YIASIN(XX)/(XX)
END!?

XX-X-T2
IF (ABS(XX) .LT. 0.000001) THEN

Y;Y+A
CLSE

Y-Y.A-S IN) X )/ (xx)
ENDIF

XX-X-T3
IF (ABS(XX) .LT. 0.0000011 THEN

Y-Y.Ak
ELSE

'f-Y+A*SIN~) X))
ENDIr

Y~y+BSIN)X/5-)+C*SIN)X/2.),D*S!IX)
F-s *Y
RETURN
END

20
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31-JUL-89 16 :14 PLOT-CONTOUR-TEST.FOR Page 1-01

PROGRAM PLOTCONTOURTEST

C Description:

C Example showing a contour plot.

C Author:

C C Richardson, ARE (Portland)

C History:

C Issue 1.0 6 November 1986

C Local Variables:

REAL Z(15.11) lGrid map

C Main Entry Point:

100 FORMAT(A)
101 FORKAT(16F8.3)

M-15 IMap Size
N-1l
R-13.
DO i-lM lCalculate Z values

5-i-S. Ifor the function
DO J-1,N IX*-2+Y-2+Z-2-R*-2

Y-J-6
ZO-R-2-Xo*2-Y* *3
ir (zO .LE. 0.) THEN

Z ii, j 1.
ELSE

Z~i~j I SQRT(CZ0)
ENDIF

EN DDO
ENDDO
CALL PLOTINST_(IWINDOW=A4-V') llnitialise
CALL CHARSIZE(l.5,2.0)
CALL CHARSLOPE(20.)
CALL ORIGYN(10.,50.) IChoose the scale and origin
CALL SCALE(10..10.)
5-N
Y-N
CALL MOVE(l.,l.1 (Draw outline of grid
CALL DRAW(X,I4)
CALL DRAW(XY)
CALL DRAWl. .5)
CALL DRAW(l.,l.J
DO J-2,N-l IDraw grid

Y.3
CALL MOVE(l. ,Y)
CALL DRAW(X.Y)

ENDDO
YN1
DO 1-2,N-l

x-I
CALL NOVE(X,l.)
CALL DRAW(X,Y)

END DO
Do i-l,M (Annotate grid X axis

5-i
CALL MOVE(X,1.l
CALL CHAR "OS'0f-2.5,-l.l
CALL PLOTRNCMX-8. .2,0)

EN DDO
DO J.lN (Annotate grid Y axis

CALL NOVEll. .5)
CALL CHAR POSN(-3.5,0.)
CALL PLOTNUN)Y-6. .2,0)

ENDDO
CALL NOVE((M+l.)/2.,l.)
CALL CHAR POSN(-0.5,-2.)
CALL PLOTTEXT('XI,1)
CALL MOVE~l.,(N+1.)1'.)
CALL CHAR POSN)-5.,0.)
CALL PLOT TEXT)'Y',l)
CALL SELCTPZN(2) (Select another colour
IC-103
30-0.
DO 52-12,19 (Draw 8 contour* with

ZO-IZ/2. I annotation

22



31-JUL-89 16:14 PLOT-CONTO)IR-TEST.FOR Page 1-02

CALL PLOT CONTOUR(ZO,Z,MN,IC,SO)
EN DDO

CALL SCALE(l.,1.)
CALL ORIGIN(0.,0.)
CALL MOVE)20.,20.) 1plot a title
CALL SELECT PEN( 1)
CALL PLOTTEXT('7is 5.',)
CALL PLOT_-TEXT)' Contour Plot Of Th. Function X1,31)
CALL CHAR POSNCO 10.25)
CALL PLOTTEXT('2',1)
CALL CHARP000(0. ,-0.25!
CALL PLOT-TEXT(' + Y1,4)
CALL CHAR POSN(0. ,0.25)
CALL PLOTTEXT('2',1)
CALL CHAR P0010)0. -0.25)
CALL PLOTTEXT(' + 5'1,4)
CALL CHAR POSN(0. .0.25)
CALL PLOT TEXT)'2',1)
CALL CHAR POSN(0. ,-0.25)
CALL PLOTTEXT(' - 10',S)
CALL CHAR P050(0. ,0.25)
CALL PLOTTEXT(12',1)
CALL CHARP050(0. ,-0.25)
ACCEPT 100.52
CALL PLOT-FIN
END

23
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25-SEP-89 16:38 PLOT-SURFACE-TEST.FOR Page 1-01

PROGRAM PLOT_SURFACE_TEST

C Description:
C Example showing a surface plot.

C Author:
C C Richardson, ARE (Portland)

C History:

C Local Variables:

REAL XX(29).'IY(21), I~ode coordinates
ZZ(29,21) ISurface function

C Main Entry Point:

100 FORH.AT(A)

Mfl-29 ISurface X dimension
RH- 21 !Surface Y dimension
R-10. IRadius of sphere
DO Rn-I ,7M lCalculate surface height
XX~m)-m-(RM+1.)/2- above the XY plane
DO n-l,NN

YY(n)=n-'.1N+l.)/2.
Z0-R'--XX(m)-2-YY(n)**2
F(Z0 .LE. 0.) THEH lAllow positive values only
ZZ Im~n (-0.

ELSE
ZZ Ic,n)I-SQRT (Z0)

ENDIF
E D DO

ERODO

CALL PLOTINIT 11nitialise graphics
CALL CHAR SIZE(l.5,2.0)
CALL CHARSLOPE(20.)
CALL ORIGIR(50..l00.)
CALL PLOT 3D(0. ,0., .. ) 1lnitialise 3D
CALL PLOT 3D)5.-MM/2. 5.RRN/2. ,0. 2) 13D origin
CALL PLOT_30(5. .5., 3) 13D Scale

CALL PLOT 3D(XX( l),YY( 1l,10.,4) tbrew axes
CALL PLOT 3D(XX) l),YYI 1), 0._5)
CALL PLOT_3D(XX(MM),YY( 1), 0._5)
CALL PLOT_3D)XXINM),YY(HH), 0_5)

CALL CHAR ANGLE(45.) !Annotate X axis
CALL CHAR SLOPE(45.)
Y-l.2-YY(i)-0.2-YY(2) lEnd of tick mark
DO m-1,MM 1Plot numbers

CALL PLOT 3D(XX~m).YY(l),0.,4)
CALL PLOT 3D(XX~m),Y,0.,5)
CALL PER-UP
CALL CHAR POSN(-4.0,0.)
IF (MOD~m,2) .EQ. 1) CALL PLOT_Num(XX(mI.2,0I

ERDOe
XI(XX(1)+xXXMM))/2.
CALL PLOT_3D(X,Y,0. .4) IPlot label (X)
CALL CHAR POSN)-3.5,-l.)
CALL CHAR ANGLE(-3O.)
CALL CHAR SLOPE(-30,)
CALL CHAR POSN(-0.5,0.)
CALL PLOTTEXT)-X',1)

X-0 .$XX(MM)+0. 2XX)MM-l)
00 n-1,HH lAnnotate Y axis

CALL PLOT 3DIXX(MM),TYYn),0.,4)
CALL PLOT 3D(XYY~nb,0..5)
CALL PER-UP
CALL CHARPOSH)-0.25,0.)
IF (MOD(n72) .EQ. I) CALL PLOTNUM)TY(n).2,0)

Y-(YT(1)+YY(Nx))/2.
CALL PLOT 3D(XY,.. 4) IPlot label IY)
CALL CHAR POSN(3.5,-l.)
CALL CHAR ANGLE145.)
CALL CHAR SLOPE(45. I
CALL CHAR POSN)-O.5,O.?

25



25-SEP-89 16:38 PLOT-SIJRFACE-TEST.FOR Page 1-02

CALL PLOT_TZXT)'Y' .1)

CALL CHAR ANGLE(-30.) lAnflotate Z axis

CALL CHARSLOPE(-30.)
X-1.2-XX(Y)-0.2-XX(2) fEnd of tick mark

DO k-0,10 tPlot numbers

Z-k
CALL PLOT 1DfIX(1),Yy(l).1,

4
)

CALL PLOT- 30)X,YY(!ihZ,5)
CALL PCX UP
CALL CHAR POSN(-3.5,0.)
IF (HOD(k,2) .EQ. 0) CALL PLOT_NUM(Z,2,0)

CHOWO
CALL PLOT 3O0CX(lI,YY(1I,5..4? IPlot label 12)

CALL CHAR POSN(-4.5,O.)
CALL PLOTTEXT('2',1)

CALL PLOT_3D_SURFACE_XY(XX,YY,EZ.HM,NN) IDraw surface

CALL CHAR ANGLE(O.) tReset Character attributes

CALL CHARSLOPE(20.)
CALL ORIGIN(0..0.) lReset origin and scale

CALL SCALE(1i..
CALL MOVE)20.,201) 1plot. title

CALL PLOT_-TEXT('Fig 6.',7)
CALL PLOT TEXT(' Surface Plot Of The Function X1,31)

CALL CHAR POSN(0. ,0.25)
CALL PLOT TEXT('2',1)
CALL CHAR POSN(0. ,-0.25)
CALL PLOTTEXT(' + Y1,4)
CALL CHARP058(0. ,0.25)
CALL PLOT TEXT('2',1)
CALL CHARPOSN(0. ,-0.25)
CALL PLOTTEXT(' + Z1,4)
CALL CHARPOSIC(O. .0.25?
CALL PLOTTEXT('2',1)
CALL CHARPOSN(0. ,-0.25)
CALL PLOTTEXT(' - 101,S)
CALL CHARPOSHIO. ,0.2S)
CALL PLOTTEXT('2' 4)
CALL CHAR POSNI0.,-0.25)
CALL SELECT -PEN(2)

ACCEPT 100,N8
CALL PLOTFIN4
END

26
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31-JUL-89 16:42 SYM-GREEK-TEST.FOR Page 1-01

PROGRAM SYMGREEKTEST

C Description:
C Test greek characters

C Author:
C C Richardson, ARE (Portland)

C Histor3L:
C Issue 1.0 2 October 1988

C Local Variables:

C Main Entry Point:

100 FORMAT(A)

CALL PLOT INIT ('WINDOW-A4-V')
CALL CHARSIZET3.0,4.0)
CALL CHAR-SLOPE(20.)
CALL MOVE(20.,150.)
CALL PLOTTEXT('Upper case ',11)
CALL PLOT CHAR ALPHA U
CALL PLOT-CHAR-BETAJ
CALL PLOT-CHAR-GAMMA U
CALL PLOT CHAR DELTA U
CALL PLOT-CHAR-EPSILON U
CALL PLOT-CHAR-ZETA U -
CALL PLOT-CHAR-ETA U
CALL PLOT CHAR THETA U
CALL PLOT-CHAR-IOTA
CALL PLOT CHAR KAPPAU
CALL PLOT CHAR LAMDA U
CALL PLOT-CHAR-MU U -

CALL PLOT-CHAR-NU-U
CALL PLOT-CHAR XIU
CALL PLOTCHAROMRICONU
CALL PLOT CHAR PI U
CALL PLOT-CHAR RHO U
CALL PLOTCHARSIGMA U
CALL PLOT CHAR TAU U
CALL PLOT-CHAR UPSILONU
CALL PLOT-CHAR-PHI U
CALL PLOT CHAR XI U
CALL PLOT CHAR PSI U
CALL PLOTCHAROMEGA_U
CALL MOVE(20.,130.)
CALL PLOT TEXT('Lower case ',11)
CALL PLOT CHAR ALPHA L
CALL PLOT-CHAR-BETA L
CALL PLOT CHAR GAMMA L
CALL PLOT CHAR DELTA L
CALL PLOT CHAR EPSILON L
CALL PLOT-CHAR-ZETA L -
CALL PLOT-CHAR-ETA L
CALL PLOT CHAR THETA L
CALL PLOT-CHAR-IOTA L
CALL PLOT-CHAR-KAPPA L
CALL PLOT CHAR LAMDA-L
CALL PLOT CHAR MU L -
CALL PLOT-CHAR-NU-L
CALL PLOT-CHAR-XI-L
CALL PLOT-CHAR-OMRICON L
CALL PLOT-CHAR-PI L -
CALL PLOT-CHAR-RHO L
CALL PLOTCHAR SIGMA L
CALL PLOT-CHAR-TAU L
CALL PLOT-CHAR UPSILON L
CALL PLOT-CHAR-PHI L -
CALL PLOT-CHAR XI L
CALL PLOT-CHAR-PSI_ L
CALL PLOT CHAR OMEGAL

CALL CHAR SIZE(1.5,2.0)

CALL MOVET20.,20.)
CALL PLOT TXXT('Fig 7.',7)
CALL PLOT TEXT(' Example Using Greek Characters',)
ACCEPT 101,1
CALL PLOT FIN
END

28



Upper case A3PAJEZHeZKANNX7P.2TYOX!

Lower case q13a8cqi< Apxoffprv~odx~

Fig 7. ExampJ& UsIng Greek Characters
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4-MAY-89 10:56 GREY-TEST.FOR Page 1-01

PROGRAM GREY TEST

C Description:
C Example plots using the routine GREY. The surfaces which are
C generated do not represent solutions to realistic problems,
C but provide simple examples.

C Author:
C C Richordson, ARE (Portland)

C History:

C Issue 1.0 6 November 1986

C Local Variables:

INTEGER ASKN

C Main Entry Point:

100 FORMAT(A)

I-ASKN('Pattern number') lFive different patterns are
CALL PLOT INIT I available 0-4.
CALL CHAR SIZE(l.8,2.4)
CALL ORIGIN(20.,0.)
CALL GREY SET !Initialise grey shades
CALL GREY SCALE(0.,10.) ISet vertical scale
CALL GREY SELECT(10.) ISelect max shade
CALL MOVET210.,160.) 1Plot a title
CALL CHAR ANGLE(-90.)
CALL PLOT TEXTI'Example Using Grey Shading, Pattern Number',42)
CALL PLOTNUM(FLOAT(I),2,0)

IF (I.NE.0) GOTO 10
DO J=0,100 IPattern 0, A diagonal ramp
G2-J/l00. Initial grey level for this Y
Y-J*2.
CALL MOVE(0.,Y) IMove to start
DO I-0,100 IScan X direction
X=12.
GI1/100. lOffset grey for this X
Z=5.*(GI+G2) !Actual Grey level required
CALL GREY(X,Y,Z) !Draw grey segment
CALL READ KS CHECK(N) !Test keyboard, Any key stops
IF (N.NE.0) GOTO 91 1 the program

ENDDO
ENDDO
GOTO 90

10 IF (I.NE.1) GOTO 20
A-I./2000. IPattern 1, A sqew ellipsoid
DO J=-50,50

Y=3J2.
CALL MOVE(0.,Y+05)
DO I1-50,50

X-1-2.

Z-A
0
(X

0
X+Y*Y+X-Y)

CALL GREY(X+100.,Y+105.,Z)
CALL READKNCHECK(N)
IF (N.NE.0) GOTO 91

ENDDO
ENDDO

GOTO 90

20 IF (I.NE.2) GOTO 30
A-360./142. !Pattern 2, A ripple
C-..005
DO J-50,50

Y-J-2.
CALL MOVE(0.,Y+105.)
DO E-50,50

XI--2.
R-SQRT(XX YY)
ZRT0.(5.COSD(AR)
Z-Z0EXP(-CR)
CALL GEY(X+I00.,Y+05.,Z)
CALL READ KB CHECK(N)
IC (N.NE.) OTO 91

ENDDO
ENDDO

GOTO 90

30
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1--9GREY-TES. 
FOR PAge -0

30 IF (I.NE.3) GOTO 40A-COSD(45 ) 360./InJaten3,Avbrtn .1t
B-A Pten3A irtn loC-0 .001
DO J.0,100

Y-J-2.
CALL movEro, A')
00 1-0,100

X-1-2.
R:SQRT(X*X+Y.-t

1

2 6-2-B*COSD A sXBY+OSDxBX*Y))
CALL eyXyZ
CALL READ -KB CHIECK(N)
IF (?0.fi-3) 60TO 91

EN 0 0
GOTO 90

40.o J .i, 1 o 
IP tte rn 4 , A k ,f d i a ra m

CALL OVE~o. ,Yl
00 I=1,100

X-1-2.
P-ATAN2 (y,X)

Z-1.
IT (T.NE.0.) Z=SINIT),T

CALL GRE(X,YZj
CALL READ KBCHECK(N,
IF N.NE.O6) GOTO 91

ENbOo
END DO

90 ACCEPT 100.!
91 CALL PLOT FIN

END
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Fig 8a. Example Using Grey Shading, Pattern 0
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Fig 8b. Example Using Grey Shading, Pattern 1
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Fig 8c. Example Using Grey Shading, Pattern 2
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Fig 8d. Example Using Grey Shading, Patt'otn 3
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Fig Be. Example Using Grey Shading, Pattern 4
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4 -MAY-809 10 : 58 PLOT-SPHERE.FOR Pago 1-01

PROGRAM PLOT_SPHERE

C Description:
C Draw a sphere on a chequered board. A simple calculation is used
C in order to demonstrate the use of colour. The program does not
C model perspective drawing or light reflection in a sopbitsticated
C way.

C Author:
C C Richardson, ARE JPortland)

C History:
C Issue 1.0 26 January 1988

C Local Variables:

PARAMETER Max-8 !Size of board

REAL X(0:HAX,0:Max( ,Y(O:Max,0:Max('

XS(0-.12,0:6 's07.:6

CHARACTER-16 Buf

C Main Entry Point:

C Calculate various coordinates for the board and sphere. The board is
C drawn in perspective, but the sphere is not because it looks
C distorted if drawn in perspective.

MaxPen.150 l~umber of pens to use
H-Max
Xa-0. !Loft perspective point
Ys-2 20 .
Xb-300. !Right perspective point
Yb-120.
10-160. irront corner of board
YO-40.
X1-140. !Back corner of board
Y1.190.
R-25. tRadius of sphere

CALL IHTERkSECT(Xa,'ia,XO.Y0,XbYb,Xl,yl ,XaO,YaO(
CALL IR4TERSECT(Xa,Ye.Xl.Yl ,XbYb.XO,YOXhO ,YbOI
Se-SQRT((XO-Xa0)**2.(YO-Ya0(*2) ISome constants for
SS-Sa/hLOG(2.) I drawing the board
Sb-SQRT( (XO-XbO("*2i(YO-YbO(l(Z
Sb-Sb/ALOG(2.)
SSC-SQRT I IXO-Xa)* 2. 5YO-Ya ( * I
3Sb-S0RT((X0-Xb(**2+(Y0-Yb(*-2
AC-ATAN2D(Ya-Y0,Xa-XO)
Ab-ATAN2D( Yb-YO, Xb-XD)

X(0,0(..Xo !Corners of board
Y( 0 , 0 )-YO

Y(N,N)-Yl

01) I-0H lCalculate all the
U-FLOAT(Z(,H 1 intersections on
Db-Sb-ALOG(1.+U) the board
XXbO-XO.Db*COSD( Ab)
Y~bO-YO.Db-SIlqD(Ab)
DO J-.O,H
V-rLOAT(J)/H
Da.S*'ALOG( I.+V(
XXAO-X0OA'COSI( Asj
YTC0.YOGDC*SZHD(Aa)
CALL IHTERSECTIXa,Ta,XXbO,TYbO,Xb,Yb,XXaO,YYa0,X(I,3( ,Y(I,J((

ENDDO
ENDDO

DO 1-0,72 lCalculate the coordinates
Th-5. *r of points on th. sphere
DO 3-0,36

Ph-5.*J-90.
U-eaCOSD(Th( COSD(Ph)
v-pRSIHD(Th ( COSD( Ph)
W-R+RSI110Ph1
Xs(1*j (-X (4 ,4 (4U
Ta ( , J I e (4,*4 (4W
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ENDOO
END DO

C Using the data calculated above draw the board and sphere

CAL. PLOTINIT_('DEVICE-TT') irnitielise
ZA:.L ZLLECTPENCOLOUR)-l,0.,l.,0.) !Shades of green
CALL SELECT PEN COLDUR)1,1.,0.,.J !Pen 1 set to Red
CALL SELECTPENCOLOUR)2,0. .0. .. ) !Pen 2 set to Blue
CALL SELECTPEN_ COLOUR(nAsPen1,l.,l.1.) ILest Pen set to white
DO Xdl,N Ibraw th, board

DO 3-l,N
XP(l)-X)I-t,3-l) !rind the four corners
PP()()Il,3-1) of a square
XP) (),3-1)
YP(2) -Y (IJ-1)
XP) 3) -X (I , )
YP(3)aP (S,3)
X(4)-Xl)1-i .3)

YP) (-l,3)
IP-MOD)I+r3,2) JAlternate the colour
CALL SELECT PEN)IP+l)
CALL FILL PQLY(IP,YP,4,.. 0) PFill the square

ENDDO
END DO
CALL PLOT MODE)0) !Select replace writing
ThO-300. ISet the lighting direction
PhO-45.
Pl-COSD)ThO)C50)Ph0) IyinG lighting Vector
P2-SIND)ThO) COSD)PhO)
P3-SrND) PhO)
DO 1-37,72 10raw sphere
ThS5.*
DO J-1,36

Ph-S. -3-90.
XP)-Xe)rI,3-l) lFind coordinates of
XP(l)-Psjl-l,3-1) Ia small Section
IP (2) -Is (X,-1)
YP(2)-Ys(1,3-1)
IP (3)-XSIs1,3)
'fP)3)-Ys) 1,3)
IP) 4)-Is (1-1,3)
YP4)-Ys) 1-1,3)
Q1.COSD)Th)*COSD(Ph) Irind vector normsal
Q2-SIND)Th)*COSD)Ph(
Q3-SIND)Ph)
PQ-PS*Ql+P2*02.p3t0 3 !rind angle subtended
PQ-) PQ+l. )/2.
IP-Max Pen*PQ IConvert to a pan number
IF (IP GT. Max Pan IP-Mex-Pen !opper limit
IF (IP .LT. 3) IP-3 ! Lower limit
CALL SELECT PEN)IP)
CALL PILLPOLY)XP,PP,4, ..0)

END DO
ENODO

CALL MOVE)50.,35.)
CALL CNAR SIZE)3.O,4.0(
CALLL CH&R SLOPE)20.)
CALL SELECT PEN)Mes Pen)
CALL PLOTTEXT('Example Showing A Shaded Sphere'.)

CALL READ RB NOECNO)Buf,1,X)
CALL PLOT MODEMl loverlay soda
CALL SELECET PEN COLOUR)0,0.,0.,0.) !Reset colours
CALL PLOT-FYN-
END
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SUBROUTINE INTERSECT(X81 ,Yal,Xa2 ,Ya2,Xbl ,Ybl ,xb2,YbZ,X,Y)

S1.iXal-Xa2 )/(YaI-Ya2)
S2-(Xbl-Xb2 )/(Ybl-Yb2)
Y=(S-Ya2-S2*Yb2+Xb2-Xa2)/(S1-S

2
)

X-S1I(Y-Ya2)+XOZ
RETURN

END
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Fig 9. Example Shoving A shaded Sphere
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PROGRAM WINDOWSTEST

C Description:
C An example to demonstrate the use of multiple virtual displays
C and/or windows on a workstation. Two virtual displays are
C created green and blue images respectively. In each virtual
C display there are three windows each mapped to the screen and
C selected by using the keys A,B,1,2,3 to select virtual display
C I or 2, or the window viewports 1,2,3.

C Author:
C C Richardson, ARE (Portland)

C History:
C Issue 1.0 26 January 1988

C Local Variables:

REAL Xs(0:72,0:36),¥s(0:
7 2

,0:36)

CHARACTER-16 Buf

CHARACTER*12 Titlo(2,2)/'Green Sphera','Green Cube '

* 'Blue Sphere ','Blue Cube '/

C Main Entry Point:

IP10- IPen number range for virtual
IPll-l00 ! display number 1
IP20-101 SPan number range for virtual
IP21-200 I display number 2

R-25.
Do 1-0,72 !Calculate the coordinates

Th-S.*I I of points on the sphere
DO J-0,36

Ph-5.*J-90.
U-R*COSD(Th)-COSD(Ph)
V-R*SIND(Th)-COSD(Ph)
W-R+R-SIND(Ph)
XS(I,J).U
Ys(I,J)-W

ENDDO
EUDDO

C Initialise virtual display number 1 and create window number 1
C mapped to the coordintes 0,0, 200,200

CALL PLOT INIT ('DEVICE-WG,WINDOWNONE')
CALL PLOT-DLVICE l'ID-WD=l,TITLE="Window Number 1,1"')
CALL PLOT VIEWt0.,0.,200.,200.)
CALL PLOTWINDOW(0.,0.,200.,200.)
CALL CHAR SIZE(3.0,4.0)
CALL CHAR SLOPE(20.)

C Draw a green sphere and a green cube
DO I-IPlOIPI
U-FLOAT)I-IPl0)/(IPll-IPl0)
CALL SELECT PEN COLOUR(I,0.,U,0.) (Shades of green

ENDDO
CALL SELECT PEN COLOUR(IPlI,I.,.,I.) ILast Pen set to white
CALL ORIGIN(s0.,40.)
CALL SPHERE(IPIO,IPII,Xs,Ys) !Draw a green sphere
CALL MOVE(-25.,-10.)
CALL SELECT PEN(IPli)
CALL PLOT TEXT(Title(l,l),) !Plot title
CALL ORIGfN(150.,40.)
CALL CUBE(IP10,1PII) !Draw a green cube
CALL MOVE(-25.,-10.)
CALL SELECT PEN(IPll)
CALL PLOT TEXT(Title(2,l),) !Plot title

C Initialise virtual display number 2 and create window number 1
C mapped to the coordintes 100,50, 300,250

CALL PLOT INIT I'DEVICE-WO,ID-VD.2,WINDOW-NONE')
CALL PLOT DEVIFE ('ID-WD-l,TITLE."Window Number 2,1'')
CALL PLOT VIEW(lI0.,50.,300.,250.j
CALL PLOT WINDOW(0.,0.,200.,200.)
CALL CHARSIZE(3.0,4.0)
CALL CHAR SLOPE(20.)

C Draw a blue sphere and a blue cube
DO I-IP20,1P21
U-FLOAT(I-IP20)/(IP21-tP20)
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CALL SELECTPENCOLOUR(I,0.,0..U) [Shades of blue
ENDDO
CALL SELECTPENCOLOUR(IP21,1.,l.,1.) [Last Pen set to white
CALL ORIGIN(50.,40.)
CALL SPHERE(IP20,IP21,Xs,Ys) [Draw a blue sphere
CALL HOVE(-25.,-10.)
CALL SELECT PEN(IP21)
CALL PLOT TEXT(Title(1l2),) !Plot title
CALL ORIG0N)150.,40.)
CALL CUBE)IP20,IP21) [Draw e blue cube
CALL MOVE(-25.,-10.)
CALL SELECT PEN)1P21)
CALL PLOT TEXT(Title)2,2},) [Plot title

C Using virtual display 1, create window 2
C mapped to the coordintes 0,0, 100,100

CALL PLOT DEVICE ('ID-VDnl,ID-WD-2,TITLE-"Window Number 1,2"'J
CALL PLOT -VIEW)0.,0.,l00.,100.)
CALL PLOT WINDOW(0.,0.,100.,l00.)

C Continuing to use virtual display I, create window 3
C mapped to the coordintes 100,100, 200,200

CALL PLOT DEVICE ['ID-WDe3,TITLE."Window Number 1,3"')
CALL PLOT-VIEW(1O00.,100.,200.,200.)
CALL PLOTWINDOW(100.,0.,200.,100.)

C Using virtual display 2, create window 2
C mapped to the coordintes 100,0, 200,100

CALL PLOT DEVICE ('ID-VD-2Z,ID-WD-2,TITLE-"Window Number 2,2"')
CALL PLOT VIEW(100.,50.,200.,150.)
CALL PLOT WINDOW(0.,0.,100.,100.)

C Continuing to use virtual display 2, create window 3
C mapped to the coordintes 200,150, 300,250

CALL PLOT DEVICE ('ID-WD-3,TITLE="Window Number 2,3"')
CALL PLOT-VIEW(200.,150.,300.,250.)
CALL PLOTWINDOW)I00.,0.,200.,100.)

C Switch between virtual displays 1 and 2 by pressing one of the keys
C A or B and switch between windows 1,2,3 by pressing one of the keys
C 1,2,3. Any other key terminates the program.

BUt(1:11)-'
DO WHILE (((Buffl:l) .GE. 'l').AND.)Buf(1:1) .LT. '4')).OR.

()Buf l:l) GE. 'A').AND.(Buf(l:l) .LT. 'C')))
CALL READ KB NOECHO(Buf,lI)
IF (Buf(l:l) EQ. 'A') THEN

CALL PLOT DEVICE_('ID-VD-'I' [Select Virtual display I
ELSE IF (Bu!(l:l) .EQ. 'B') THEN

CALL PLOT DEVICE )'ID-VD-2'[ [Select Virtual display 2
ELSE IF (Bu?(l:l) .EQ. '2') THEN

CALL PLOT DEVICE_ ('ID-WD-2') ISelect window 2
ELSE IF (Buf(l:l) EQ. '3') THEN

CALL PLOTDEVICE_('IWDWD3s) !Select window 3
ELSE

CALL PLOTDEVICE_('ID-WD-l') iSelect window I
ENDIF

ENDDO

CALL SELECT PEN COLOUR(0,0.,0.,0.) !Reset colours
CALL PLOT-FIN
END
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SUBROUTINE SPI"E(EIP0,IP1,xs.V5)

REAL Xs(0:
7
2,0:

3 6
) ,Ys(0:72,0:36),

* 1P(4).VP(4(

ThO-300. ISet the lighting direction
PhO=45.
P1-COSD(Th0(*COSD(PhO) !rind lighting vector
P2=SIND(ThO)-COSD(PhO(
P3-SIND) PhO)
DO 1-37,72 (Draw sphere
Th-S.-
Do J-1,36

Ph-5.-J-90.
XPI))Xs(-l,-l !Find coordinates of
VP(1)-VsfI-1.3-I( a small section
XP( 2) eXa(IJ -1)
Y(2(-Vs (0,3-1)

XP(C3)-Xs (I, 3)
YP(3)-Ys (2,3)
XP( 4)aXs (I-1,3)
VP (4) VY (I-i * )
QI-COSD(Th)*COSD( Ph) frind vector normal
Q2-SIND(Th) Z:SD) Ph)
Q3-SIND(Ph)
PO-Pl'Ql+P2*Q2+P3*Q3 (rind angle subtended

zPPQ(pl-rPo)sIPO !Convert to a pen number
IF (OP .GT. IPi) IP-Ii lUppor limit
CALL SELECT PENCIP)
CALL FILL PO5LY)XP,YP,4,,0

END DO
ENDDO
RETURN
END

SUBROUTINE CUBE(IPO,IP1)

REAL XP(),YP(4)

R-25.
lIP) -(0.
VPM -0.
IP (2)-Xl) 
IP (2 (-R
,P(3-0.866-R
YP(3(-1.5*R
lIP (4 (.lP()
YP) M-0. 51
%P-NINf(0. 3333 (IPl-IPG(+IPO)
CALL SELECT PEN(IP(
CALL FILL PULY(XPYP,...0)
XP (3 (sO. 8I?6R
YP(3).l.5*R
IP (4 (-lP)
VP) (0 .5*R
IP-NINT(0.6667*(IPl-IPO(4XPO(
CALL SELECT PEN)IP)
CALL FILL POLY(XP,YP,4 ...0)
XP(1 -0
YP) 1)-R
IP (2 )a0 .866-R
VP 2 (-1. 5R
XP (M)XPM
YP(3)-2.*R
XP(4(-0.866*R
VP (4(-VP (2)
IP-IPl-1
CALL SELECT PEN(IP(
CALL FILL POLYIXP,VP,4 .. .0)
RETURN
END

SUBROUTINE lINTERSECT(Xal,ValXa2,Va2,Xb0 .Vbl.Xb2,Yb2.X,V(

5I-(Xal-Xa2 (/(Val-Va2)
S2-(Xbl-Xb2 )/(VbL-Yb2l
Y-(SI-Y&2-S2VYb2+Xb2-Xa2)./(Sl-32)
X-S1*(V-a24Xa2
RETURN
ENT)
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Fig 10. Example of The Use Of Virtual Displays And Windows
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Annex B. Summary Of Subroutines

A4BOX(I)
AXISLIN(XO,YO,XI,Y1,SD,D,P)
AXIS-LOG(XO,YO,X1,yl, SD,D, P)
CHAR ABS(CSUW,CSH)
CHAR ANGLE( PHI)
CHAR-POSN(CSV, CSH)
CHAR REL(CSV,CSH)
CHAIC-SIZE(Vidth, Height)
CHAR SLOPE(PHI)
CURSUR(U ,V ,Char)
CURVE(F,Umin,U(max,TOL)
DRAW( U,V)
FILL POLY(Xa,Ya,Na,Xb,YbNb)
FIT(U,V,N,M,S1,S2)
GREY(X, Y, Z)
GREY_-SCALE(Z-lov,Z_high)
GREY SET
GRID - AT -LONG(XO,YO,X1,yI VOVOUl VI I)GRIDiLINLIN(XO,YO,X1,Y1,UO VO Ul VliI)
GRIDfLIN LOG(XO,YO,XI,Y1 UOVOUl Vi I)
GRID LOG LIN(XO,YO,X1,Yl,UO,VO,Ul Vi I)
GRIDLOG-LOG(XO,YO,xi,YluoO,vaVii)
LINE TYPE(I ,P)
MOVE(U,v)
ORIGIN(X_-Shift,YShift)
PEN DOWN
PEN UP
PLOT 3D(UU,VV,VW,IC)
PLOT 3D -SURFACE(ZZ,M,N,Interp)
PLOT ABS(X,Y,IC)
PLOT-CHAR ALPHA L
PLOT-CHAR-ALPHA-U
PLOT CHAR BETA L:
PLOTCHAR BETA-U
PLOT CHAR GA.MA L
PLOT-CHAR CAMMA-U
PLOT CHARt DELTA-L
PLOT CHAR DELTA7U
PLOTrCHAREPSIL6N L
PLOT:CHAREpSILOhfU
PLOT CHAR ZETA L
PLOT CHAR ZETA-U
PLOT CHAR ETA L
PLOT CHAR ETA-U
PLOT CHAR-THETA L
PLOTCHAR THETA-U
PLOT CHAR IOTA L
PLOT cHAR~ioTA-u
PLOTCHAR:KAPPK L
PLOT CHAR KCAPPA-U
PLOT-CHAJCLAMDA-L
PLOT-CHAPrLAMDA-U
PLOT-CHARCNU L
PLOT-CHARCMU-U
PLOT-CHAR-hWfL
PLOT-CHAR-NIU
PLOTCHARXL
PLOT-CHARCXI-U
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PLOT CHAR OHRICON L
PLOT-CHARComRICON-u
PLOT-CHa-PI L-
PLOTCHARPfU
PLOT CHAfRHW L
PLOT CHARCRHcf-U
PLOT cHAICSICiIA L,
PLOT CHRSIGKH7U
PLOT CHAR-TAU L-
PLOT CHARTAU-h
PLOT CHARCUPSfLON L
PLOT7 CHARCUPSILONfU
PLOT CHAR-PHI L
PLOT CHARPHfbU
PLOT CHAP~xi !
PLOT hARXf'U
PLOT CHAICPSI L
PLOT CHARPSI-U
PLOT CHAR-hNE? A L
PLOT CHAR-hHEGA-U
PLOTCHAR-SQROOt
PLOT -CONT6UR(ZO,Z,H,N, IC, SO)
PLOT -COPY(FILE, N, H)
PLOT DEVICE
PLOT DEVICE (Text)
PLOT ERASE
PLOT:ERASE (XO,YO,Xi,yi)
PLOT FIN -
PLOT:FIN (Text)
PLOT INIt

PLOT INIT ( text)PLOT LIMI-TS(UminVmin, Umax,Vmax)
PLOT MARK( Select)
PLOT MARK SIZE(Size)
PLOT MODETI)
PLOT NUH( Val ,N,H)
PLOT-HUH SOFT(Val,N,H)
PLOT:REL,~X,Y,IC)
P.LOT -TEXT(Text,N)
PLOT TEXT SOFT(Text ,N)
PLOT:VAF([J, V,N, VO)
PLOT VIEIJ(XHIN, THIN, XMA yHAX)
PLOT UINDOW(XMIN, YHIN, XHAX, YHAX)
READKB(Buffer,N1,N2)
READ KB CHECK(N)
READ KB NOECHO(BufferNi, N2)
SCALE(X Scale IYScale)
SCFAC LIN(HO, Hi ,DD,D)
SCFAC_ LOG (HO,Rl,DD,D)
SELECt PEN( I
SELECT PEN COLOLJR(I,Red ,Green,Blue)
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Annex C. File Contents

A4BOX. FOR
A4BOX(1)

AXIS. FOR
AXIS LIN(XO,YO,Xl,Yl,SD,D,P)
AXISLOG(XO,YO,X1 , Yl,SD,D, P)

CHARDATA.FOR
CHAR DATA(Set 9N, Char buf)

COORDS.FOR
SCALE(X Scalej YScale)
ORIGIN(X Shift ,Y-Shift)

CURSOR. FOR
CURSOR(XY,Char)

CURVE. FOR
CURVE(P,X Min,X MaxTol)

FIT.FOR
FIT(X,Y,N,M,Sl,S2)

GRIDS.FOR
SCFACLIN(HO,H1,DD,D)
SCFACLOG(HO,HI,DD,D)
GRID iATrLONG(XO,YO,XI,Yl,UO,VO,Ul,Vl,I)
GRLID:LIN:LIN(XO,YO,X2,Yl,UO,VO,U1,V1,I)
GRIDLINLOG(XO,YO,Xl,Yl,UO,VO,Ul,Vl,I)
GRID LOG LIN(XO,YO,Xl, Yl,UO,VO,Ui,Vl,I)
GRID LOG LOG(XO,YO,X1,Yl,UO,VO,U1,Vl,I)

PLOT 1.FOR
PLOTINIT I(Text)

- PLOT INIT
PLOT VINDOW(5fmin ,Ymin,Xmax, Ymax)
PLOT VIEW(Xmin,Ymin,Xmax,Yuax)
PLOT-DEVICE_(Text)

- PLOT DEVICE
PLOT FIN (Te -t)

- LOT FIN
MOVE(U,V)
DRAV( , V)
PLOTREL(X,Y,IC)
PLOT ABS(X, Y, IC)

PLOT 2.FOR
PEN UP
PEN-DOWN
PLOT MODECI)
PLOrERASE
PLOT ERASE (XO,YO,XI,Yj)
SELEft PEN-COLOUR(I,Red,Green,Blue)
SELECT PENTI)
LIKE TYFE(I,P)
CHARCsizE(WiDTn,HEiG'T)
CHAR SLOPE(PHI)
CFIAR-AGLE( PHI)

47



CHAR-SOFT
CHAR HARD

CHARPOSN(CSV,CSH)
CHAR REL(CSW,CSH)
CHAR ABS(CSW,CSH)

PLOTLIHITS(Umin, Vmin ,UImax, Vmax)

PLOT_3D.FOR
PLOT_3D(XX,YY,ZZ,CON)

PLOT_4.FOR
FILL POLY(Xa,Ya,Na,Xb,Yb,Nb)
GREYTU,V,W)

GREY SET
GREYSCALE(W -low,W-high)

PLOTVAF(UV,N,VO)

PLOTCONTOUR.FOR
PLOTCONTOUR(ZO,Z,M,N,IC,SO)

PLOTCHAR.FOR
PLOT CHAR 1(M,N)
PLOT-CHAR 2(NDAT)

- PLOT_-CHAR_2M(NDAT,IC)
PLOT CH(X,Y)
GETCH(NDATI,J)

SETCH

PLOT MARK.FOR
PLOTMARK(Select)

PLOTMARKSIZE(Size)

PLOTSURFACE.POR
PLOT_3DSURFACE(ZZ,M,N,Interp)

PLOT-TEXT 1.FOR
PLOTTEXT(Text,N)
PLOTNUN(Val,N,M)

PLOT-TEXT 2.FOR
- PLOTTEXT SOFT(Text,N)

PLOTNUN_9FT(Va1,N,M)

READKB.FOR
READKB(Buffer,Ni,N2)
READKB NOECHO(Buffer,N1,N2)
READ-KB-CHECK(N)

SYM GREEK.FOR
PLOTCHAR ALPHA

PLOT CHAR ALPHA L
PLOT CHARALPHAU

PLOT-CHAR BETA
PLOT CHAR BETA L
PLOT CHARBETAU

PLOT-CHAR GARMA
- PLOT CHAR GAMMA L

PLOT CHAR GAmmA-U
PLOT-CHAR DELTA - -

- PLOT CHAR DELTA L
PLOT CHAR-DELTAU
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PLOT-CHAREPSILON
PLOT CHAR EPSILON L
PLOT CHAR EPSILON U

PLOTCHAR-ZETA - _

PLOT CHAR ZETA L
PLOT CHAR ZETA UPLO-HA-T-A-ETU

PLOT CHAR ETA - -
- PLOT CHAR ETA L

PLOTh-HARETA-U
PLOT CHAR THETA L- PLOTCHIARTHETA L

PLOT CHAR-THETA-U
PLOT CHAR IOTA - -

PLOT CHAR IOTA L
PLOT-CHAR-IOTA-U

PLOT CHAR KAPPA - -
PLOT CHAR KAPPA L
PLOT-CHAR-KAPPA-U

PLOT CHAR LARDA - -
- PLOT CHAR LAMDA L

PLOT CHAR-LAMDA-U
PLOT CHAR MU-

- PLOT CHAR MU L
PLOT-CHAR-MU-U

PLOT CHAR NU - -
- PLOT CHAR NU L

PLOT-CHAR-NU-U
PLOT CHAR XI - -

- PLOT CHAR XI L
PLOT-CHAR XI U

PLOTCHAR_ OMICON -
PLOT CHAR OMRICON L
PLOT-CHAROhMRICON-U

PLOT CHAR PI-
PLOT CHAR PI L
PLOT-CHAR-PI-U

PLOT CHAR RHO -

- PLOT CHAR RHO L
PLOT-CHAR-RHO-U

PLOT CHAR SIGMA - -
- PLOT CHAR SIGMA L

PLOT-CHAR-SIGMA-U
PLOT CHAR TA-

- PLOT CHAR TAU L
PLOT-CHAR-TAU-U

PLOT CHAR UPSILON -
- PLOT CHAR UPSILON L

PLOT-CHAR-UPSILON-U
PLOT CHAR PHI

- PLOT CHAR PHI L
PLOT-CHAR-PHIfU

PLOT CHAR XI-
- PLOT CHAR XI L

PLOT-CHARXI-U
PLOT CHAR PSY

- PLOT CHAR PSI L
PLOT-CHAR-PSI-U

PLOT CHAR OMEGA - -
- PEOT CHAR OMEGA L

PLOT CHAR OMEGA-U
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SMMATHS. FOR
SM PLOT CHAR SOROOT
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